A portfolio of plasmids for identification and analysis of carotenoid pathway enzymes: Adonis aestivalis as a case study.
Carotenoids are indispensable pigments of the photosynthetic apparatus in plants, algae, and cyanobacteria and are produced, as well, by many bacteria and fungi. Elucidation of biochemical pathways leading to the carotenoids that function in the photosynthetic membranes of land plants has been greatly aided by the use of carotenoid-accumulating strains of Escherichia coli as heterologous hosts for functional assays, in vivo, of the otherwise difficult to study membrane-associated pathway enzymes. This same experimental approach is uniquely well-suited to the discovery and characterization of yet-to-be identified enzymes that lead to carotenoids of the photosynthetic membranes in algal cells, to the multitude of carotenoids found in nongreen plant tissues, and to the myriad flavor and aroma compounds that are derived from carotenoids in plant tissues. A portfolio of plasmids suitable for the production in E. coli of a variety of carotenoids is presented herein. The use of these carotenoid-producing E. coli for the identification of cDNAs encoding enzymes of carotenoid and isoprenoid biosynthesis, for characterization of the enzymes these cDNAs encode, and for the production of specific carotenoids for use as enzyme substrates and reference standards, is described using the flowering plant Adonis aestivalis to provide examples. cDNAs encoding nine different A. aestivalis enzymes of carotenoid and isoprenoid synthesis were identified and the enzymatic activity of their products verified. Those cDNAs newly described include ones that encode phytoene synthase, beta-carotene hydroxylase, deoxyxylulose-5-phosphate synthase, isopentenyl diphosphate isomerase, and geranylgeranyl diphosphate synthase.